I N THE PAST DECADE, MULTIPLE STUDIES HAVE REPORTED patients who were severely disabled by chronic fatigue and other somatic complaints, referring to these fmdings as chronic fatigue syndrome (CFS) . No strict crtterta have been used to enrol patients in studies which have investigated potential causes of this syndrome, which remain unknown. Association with different infectious agents has been suggested, including: Epstein-Barr virus (EBV) (1-3), enterovirus (4) and more recently, human herpesvirus 6 (HHV-6) (5, 6) . Using the Centers for Disease Control (CDC) crtterta for defining CFS (7), we retrospectively studied a group of individuals complaining of chronic fatigue and investigated the association of CFS with infection by HHV-6.
PATIENTS AND METHODS
The charts of 25 patients diagnosed as having CFS by two infectious diseases clinicians at one institution between December 1986 and April1989 were reviewed. Patients were divided into two groups: group A included 17 patients fulfilling the CDC crtterta for CFS and group B consisted of eight patients not meeting these crtterta.
All patients had a complete medical history using an open-ended interview, including explicit questioning about the nature and timing of the fatigue and the presence of minor crtterta for CFS. Fatigue was classified as recurrent or persistent, with recurrent fatigue qualitatively defmed as fatigue altemating with pertods of energy and activity ranging from improved to near normal level, while persistent fatigue was defined as being present daily.
Physical examination was performed with specific attention to the physical crtterta for CFS. With few exceptions, laboratory evaluation included: complete blood counts; blood smear; biochemical profile; heterophile antibody; creatine phosphokinase; sedimentation rate; antinuclear antibody; thyroid-stimulating hormone; urtnalysis; chest radiograph; tuberculin skin test (5 TU); serology for human immunodifficiency virus (LAV-ElA, Genetic System Corp, Seattle, Washington). cytomegalovirus (CMV) and herpes simplex virus (HSV) (complement fixation), toxoplasma (hemagglutination inhibition). EBV (immunofluorescence) and HHV-6. For CMV, HSV and toxoplasma, antibody titres of less than 1 in 4 were considered negative.
Performance of HHV -6 serological testing was conducted on sera that had been frozen at -20°C. HSB-2, aT lymphoblastoid cell line, was established in suspension culture with RPMI 1640 medium (Flow Laboratories Inc), 10% fetal calf serum (heat inactivated) and antibiotics. These cells were infected with the Dv strain of HHV-6 (courtesy of Dr NA Brown, Comell University Medical College, Manhasset, New York) and were used for preparing slides on day 8 of infection, using methanol 99% at -20°C for 15 mins for fixation. Uninfected cells were used as a negative control slide for each serum. The sera were inactivated at 56°C for 30 mins and sertal twofold dilutions were made from an initial concentration of 1:10. Twenty-five microlitres of each dilution was overlaid on the slide and incubated at 37°C for 30 mins. After two washings with phosphate buffered saline, the slide was overlaid with 20 J.lL of a 1:40 dilution of fluorescein isothiocyanate-labelled goat antihuman IgG with 5 J.lL/mL of Evan's blue and incubated at 37°C for 30 mins. The slides were washed twice more with phosphate buffered saline, air-drted and mounted with glycerol. Readings were done on a fluorescent Zeiss microscope at 400x magnification with a 450 to 490 mm filter. Microscopic evaluation of fluorescence for each serum was performed by two trained observers who did not know the source of the specimen. For any serum producing readings of more than one dilution difference between the observers, a third observer evaluated the slides and the two closest readings of the three were averaged for the final result. Any cytoplasmic or nuclear apple green fluorescence was considered indicative of the presence of antibody.
STATISTICAL ANAL YSIS
The x 2 and Fisher exact tests were used when comparing discrete vartables, and the Marm-Whitney U test for continuous vartables. Serology results were compared by conversion to the lo~ of the reciprocal titre (8) . A P value of 0.05 or less was interpreted as indicating a significant association. 
RESULTS
In univariate analysis, no statistical difference in age or sex distribution was found between groups A and B. No significant difference in the two groups was found with respect to marital status, number of children, exposure to children at work, education level, salary, travel outside Canada in the year prior to illness, smoking habits, prior history of infectious mononucleosis or psychiatric evaluation, anxiolytic therapy or number of professionals consulted for fatigue ( Table 1 ).
All patients in groups A and B fulfilled the two major CDC criteria for CFS. The mean number of CDC minor criteria present was 10.2 in group A patients and 6.1 in group B patients. Patients in group A complained more frequently of recurrent rather than persistent fatigue (P=0.007). Among the 11 symptoms and three signs of the CDC defmition of CFS, sore throat and headache were present more often in individuals in group A (P=0.002 and P=0.007, respectively) ( Table 2) .
No consistent hematological, biochemical or immunological anomalies were demonstrated in our baseline evaluation. All individuals were HN antibody negative. Serological results for EBV, CMV, HSV and toxoplasma were available for 17, 14, nine and 16 patients, respectively, in group A; and for seven, seven, four and seven patients in group B. As shown in Table 3 , there were no significant differences between groups A and B in the reciprocal geometric mean titre (GMT) of antibody against CMV. HSV and toxoplasma (Marm-Whitney U test). Antibody against the different EBV related antigens were separated according to categories of antibody in- terval; no difference was found between the two groups with respect to the distribution of patients. For the HHV-6 immunofluorescence reading, there was a 95% correlation within one dilution between observers. The reciprocal anti-HHV-6 GMT of group A was significantly higher than that of group B (99 versus 15; P=0.007).
DISCUSSION
The demographic data of our patients are similar to previous reports, with a predominance of women in their mid-thirties (9) . When evaluating these patients complaining of chronic fatigue, the two major criteria of the CDC case definition of CFS seem well founded. Unfortunately, the minor criteria are numerous and nonspecific. Three symptoms were more discriminant in identifying those patients that meet the CDC case definition: the presence of a recurrent type of fatigue, headache and a sore throat. Another cohort of patients fulfilling the CDC criteria for CFS found that sore throat was the most frequent symptom, with a 96% prevalence (10) .
HHV-6 is known to be highly prevalent in the USA (11), Japan (12) and the Quebec City area (13) . Primary infection is known to occur in the first years of life and is responsible for the development of exanthema subitum (14) . Reactivation ofHHV-6 has been associated with clinical disease in bone marrow transplant patients (15) . Reactivation oflatent HHV-6 would seem an attractive hypothesis to explain the morbidity of CFS. Ablashi et al (5) have reported elevated antibody titres to HHV -6 in eight patients with chronic fatigue, and one study reported evidence of active replication of HHV-6 in peripheral mononuclear cells of 70% of patients (79 of 113) with chronic fatigue compared with 20% of control subjects (eight of 40) (P<l0-8 ) (16) . However, in those two studies it is unclear if the patients satisfied the CDC defmition of CFS. In a group of 63 patients meeting the CDC case definition for CFS, Landay et al (17) found a GMT to HHV-6 of 201 which was significantly higher than the GMT of 104 in their control group. Our results are similar and suggest that when evaluating patients with chronic fatigue, an elevated antibody titre against HHV-6 is an objective criterion to help identify those who will meet the CDC definition of CFS. A recent report (18) of seven patients meeting the CDC criteria for CFS showed that six of the patients had IgG reciprocal titres to HHV-6 ranging from 320 to 640. At our Institution, nine of 17 patients with CFS (group A) had reciprocal titres to HHV -6 equal to or above 80 while they were equal to or below 40 in all of the eight patients in group B. Larger serological studies should be performed to identify a significant threshold of antibody discriminative for CFS.
Polyclonal B-cell stimulation during acute EBV and CMV infection has been suggested to augment HHV-6 IgG titres ( 1 9). In our patients, EBV and CMV titres were not significantly different between group A and group B.
Gold et al (20) did not find any difference in the HHV-6 titres between their patients and controls. This may be explained by the fact that only six of their 26 patients fulfilled the CDC criteria: most of their patients were probably similar to group B of the present study. Further studies involving various groups of patients should be performed to document the HHV-6 antibody titre in different populations.
CONCLUSIONS
When evaluating patients with chronic fatigue, the presence of a recurrent rather than persistent fatigue, a sore throat, headache and elevated antibody titre against HHV -6 is more frequent in those who satisfy the CDC definition criteria of chronic fatigue syndrome. Further studies should be done to determine if the high HHV-6 titre could serve as an objective and discriminative criterion in the case definition of CFS. Elevated HHV-6 titres in patients with CFS suggests that reactivation of this virus could be a cofactor in the pathogenesis of this disease.
